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Introduction
A m ajor problem in carbohydrate chemistry is the stereoselective form ation of O-glycosidic bonds [2] [3] [4] [5] [6] [7] [8] . The 1,2-ds-glycofuranosides are the most dif ficult glycosides to prepare and in spite of some re cent developm ents [5] [6] [7] [8] , highly stereoselective syntheses have not been reported to date.
In a recent review we discussed the directive effect of the 2,3-O-ethylboranediyl neighbouring group in the easily prepared 2,3:5,6-di-0-ethylboranediyl-a-D-mannofuranosyl brom ide [9] , during glycosylation with O-nucleophiles [10] . The smooth inversions to give some simple 1,2-c/s-glycosides when using 1 were in striking contrast to the results obtained with the corresponding O-isopropylidene protected a-Dm annofuranosyl brom ide [10] .
Below we will illustrate the broad applicability of our approach involving O-ethylboron protection, by describing the synthesis of a series of /3-D-mannofuranosides including two disaccharides. Excellent degrees of inversions are observed in all cases. A further positive aspect is that the O-ethylboranediyl groups can be rem oved under mild, neutral condi tions which do not endanger the labile glycosidic bonds in the /3-D-mannofuranosides.
Results and Discussion
Prior to glycosylations with 1, the alcohols are con verted to diethyl ether-soluble sodium-organooxy-
R -O H N a+[(H5C2)3B H ]_ > Na+[R_ OB(C2H.)3 r -r l2
The borates, which are obtained in quantitative yields, all have sharp decomposition points. They de compose by liberating triethvlborane and forming sodium alkoxides.
The reaction of phenol did not give a borate, but instead yielded pure sodium phenoxide at room tem perature. This was used in the glycosylation step, as was sodium methoxide obtained commercially (see Scheme).
Glycosylation of 1 with the ether-insoluble sodium methoxide was carried out by suspending the sodium salt in diethyl ether and adding a solution of 1 in diethyl ether dropwise. A fter completion of the reac tion ('H NM R m onitored) the precipitated sodium bromide was filtered off and the solution concen trated in vacuo to give the desired glycoside. In this way 99% pure (GC) methyl 2 ,3 :5,6-di-0-ethylboranediyl-/3-D-mannofuranoside (2) was obtained as a colourless liquid in 90% yield after distillation (see Table II ). The phenyl /3-D-glycoside (4) was ob tained similarly by the reaction with sodium phenox ide. It was isolated as a solid residue after removing the volatiles. Recrystallisation from diethyl ether then gave anomerically pure 4 in 71% yield.
For all the other glycosides, diethyl eth e r solutions of the sodium-organooxy-triethylborates were added dropwise to solutions of 1 in the same solvent (see Table II ). The immediate precipitation of sodium brom ide was observed in all cases. A fter the simple work-up as described above for the methyl ß-D-mannofuranoside 2, the isopropyl-and cyclohexyl ß -Dmannofuranosides 3 and 5 respectively were isolated in 70-80% yields after vacuum distillation. In spite of the bulky aglycones, high (98% and 99%) anomeric purities were achieved. For the disaccharide syntheses, l,2:3,4-di-0-isopropylidene-a-D -galactopyranose and l,2 :5 ,6 -d i-0 -isopropylidene-a-D -glucofuranose were chosen as suitable testing aglycones [2] in order to assess the usefulness of our approach to glycoside synthesis. 1,2: 3,4-Di-O-isopropylidene-a-D-galactopyranose was first converted to the ether soluble sodium-(1,2:3,4-di-0-isopropylidene-6-0-a-D -galactopyranosyl)-triethyl-borate [11] and then reacted with 1 stoichiometrically at 0 °C. A fter the usual work-up, (6) was isolated in quantitative yield with an anomeric purity of 99% . The yield and anomeric purity in this reaction are probably unprecedented. The glycosylation of the sterically demanding l,2:5,6-di-0-isopropylidene-a-D -glucofuranose, which is known to be particularly difficult, was undertaken next. The sodium triethylborate deriva tive of this aglycone was reacted with 1 at 0 °C to give the desired 3-0-(2,3:5,6-di-0-ethylboranediyl-/?-Dm annofuranosyl)-l ,2 :5 ,6-di-O-isopropylidene-a-Dglucofuranose (7) in 80% yield, and with an extra ordinarily high anom eric purity (98%). For purposes of comparison with 1, the corres ponding O-isopropylidene protected a-D -m annofuranosyl bromide was reacted with both of the di-Oisopropylidene protected galactopyranosyl-and glucofuranosyl com pounds in the form of their solu ble sodium triethylborates as described above. The differences observed are rem arkable. W hereas 1 reacted quantitatively and cleanly to give disac charide 6 in 1 h at 0 °C, the isopropylidene analogue had only reacted to 30% after 11 days at room tem perature followed by 4 d of refluxing in diethyl ether. Three main products in the disaccharide range were detected by GC in this poor reaction. The attem pted reaction of the O-isopropylidene analogue of 1 with l,2:5,6-di-0-isopropylidene-a-D -glucofuranose in the form of its sodium -triethylborate was even worse. A fter 2 days at 20 °C, followed by 6 h at 36 °C and then 5 h under T H F reflux, only 0.6% with a reten tion time in the disaccharide range was detected by GC. As both the glycosylations of 1 and the O-iso propylidene analogue were carried out hom ogene ously, these m ajor differences in rates and efficien cies give strong support to the boron directive and rate accelerating effect which we discussed previous ly [10] ,
The total deboronations of the glycosides 2 -7 is readily achieved by addition of a diol, such as ethane-1,2-diol or propane-1,3-diol and distilling off the volatile boron esters as described previously [13] . Although these mild conditions do not cause cleav- age of the labile /3-D-mannofuranosides, in some cases pyridine was added during the deprotection step in order to ensure non-acidity. The deprotected glycosides 8-13 were obtained in essentially quan titative yields (see Table III ). The flame-tests which were used to check if the products were boron-free only led to minor loss of product. The boron-free 8-13 were well characterized by 13C NM R [Table VI and later discussion]. It is also notew orthy that the exocyclic 5,6-O-ethylboranediyl groups in 2-7 can be selectively removed with methanol at room tem perature as described for methyl a-D -m annofuranoside (10). The /3-D-mannofuranosides 8-13 were converted to their tetra-O-acetyl derivatives 14-19 in high yields by conventional O-acetylation with acetic anhydride in pyridine (Table IV) . These compounds are well-suited for NM R and GC confirmation of the purities.
'H NMR
The 'H NMR data for the O-ethylboranediyl pro tected ß-D-mannofuranosides 2-7 and the tetra-Oacetates 1 4 -1 9 are listed in Table V 
-7 to give /3-D-m annofurano-(c, solvent)
[°C] sides 8 _ 13. Jm. p. I l l °C.
forms can easily be identified. A t 80 Hz the spectrum of disaccharide 7, although complex, has a doublet at <3 = 5.07 ppm with 3J l 2 = 4 Hz, confirming the ß -Dconfiguration. All protons could be assigned unambiguously for 14-19. In these derivatives, 3/ i 2 is slightly larger than in the bifunctionally protected 2-7.
C NMR
The I3C N M R data are collected in Table VI . Ex cept where indicated, all assignments given for C -l-C-6 of the /?-D-mannofuranoside are unam bi guous.
The resonance of C -l in all com pounds can be easily recognized by its characteristic low field shift in the region of 100 ppm and relatively large cou pling constant '/ ch-C-6 gives the signal to lowest field and is the only carbon of C -l-C-6 having a triplet in the proton-coupled spectrum.
The resonances of C-2-C-5 fall within the rela tively narrow range of 82-68 ppm and cannot be assigned without recourse to further experiments. As can be seen from Table VI, different substituents on C -l produce little change in NM R param eters, so assignments made for representative com pounds can be transfered to others of the same type. (2) An unam biguous assignment of 13C signals of C -l-C-6 for 2 was obtained from a 2 D -IN A D E-Q U A T E experim ent [14] . This further allows C-5 in 3-7 to be assigned on the basis of its chemical shift and C-4 on the basis of its coupling constant '7Ch °f 146-148 Hz in the proton-coupled spectrum. While C-2 and C-3 have similar chemical shifts and cannot be distinguished from one another by ' / ch^ C-2 in 2 has a resolved doublet fine structure in the protoncoupled spectrum but C-3 has no resolved fine struc ture. Similar coupling patterns are observed for 3 -7, allowing C-2 and C-3 for the rem ainder of the series to be assigned. The L,C N M R spectra of the tetra-O -acetates 14-19 differ considerably from those of the O-ethylboranediyl protected glycosides 2-7. Therefore a 1?C -'H shift-correlated 2D NM R spectrum of 17 was recorded in order to assign the resonances of C-2-C-5 by using the proton resonance assignments given in Table VI . This permits the spectra of 14-16, 18 and 19 to be assigned unequivocally by com pari son of the chemical shifts and for C-3 and C-5 taking ' / CH into account.
In the 13C NM R spectra of deboronated glycosides 8 -13, the chemical shifts lie at up to 1.5 ppm to lower field than the signals for the tetra-O -acetates. The exception is C-4, in which the two y-O-acetyl groups are no longer present and which lies ca. 4 -4.5 ppm to lower field. It is therefore assumed that the assignments can be made in analogy to the tetra-O -acetates. This is also consistent with the coupling constants although they are several Hertz smaller than for the corresponding acetates.
In summary, it is evident that 1 is an im portant educt for obtaining a wide range of pure /3-D-mannofuranosides in good yields. The high stereoselec tivities observed in the glycosylations of 1, are also achieved with other glycosyl halides having neigh bouring O-organoboranediyl groups as these are cap able of directing the reaction via reactive borate in termediates [10] . This fact, together with the mild deprotection conditions, allows the efficient syn theses of many glycosides [15] .
Experim ental Section
All experim ents were carried out in dry, deoxyge nated solvents unter an atm osphere of argon. -The GC analyses [12] were carried out with a BeckerPackard 417 using glass capillary columns coated with methyl/phenyl silicon stationary phases such as OV- The 'H NM R spectra were recorded on a Varian EM 360 A , Bruker WP 80, W H 270 or W H 400 (Tetramethylsilane as internal standard). The 13C-NM R spectra were measured at 20.1 M Hz (B ruker W P 80), 25.2 MHz (Varian XL 100) or 75.5 MHz (B ruker WM 300). For n B-NMR spectra, a Varian-FT-spectrom eter XL 100-15 at 32.1 M Hz, (H 5C2)20 -BF3 as external standard, was used. The mass spectra [16] were obtained with a Varian CH-5 spectrom eter at 70 eV. Optical rotations were m easured using a Perkin-Elmer Polarim eter 241.
Sodium triethylhydroborate was prepared by reac tion of triethylborane with sodium hydride [17] . The Bc-values were obtained using anhydrous trimethylamine-N-oxide in boiling benzene [18] . The hydroxy groups were determ ined by reactions with activated triethylborane [19] . l,2:3,4-D i-0-isopropylidene-a-D-galactopyranose and l,2:5,6-di-0-isopropylidenea-D-glucofuranose were purchased from AldrichChemie. The C,H-analyses were carried out by Dornis and Kolbe, Mülheim an der Ruhr.
The glycosylation, deboronation and O-acetylation steps in Tables II -IV are exemplified by the preparations of 6 , 12 and 18 described below. A typi cal experim ent for the preparations of the sodiumtriethyl-borates (Table I ) is given in [11] . (6) A solution of the galactopyranosyl borate [11] (3.9 g of 96% purity, 10.2 mmol) in diethyl ether (30 ml) is added dropwise in 4 h at 0 °C to a stirred solution of 1 (3.18 g, 98% pure (G C) -10 mmol) in diethyl ether. Sodium bromide im mediately precipi tates out. 1 h after addition the reaction is complete ('H NM R) and the precipitate is filtered off over a thin layer of kieselgur. The filtrate is concentrated in vacuo (1 torr, bath temp. 30 °C) to give 6, (4.9 g, -100%) as a colourless, very viscous product con sisting of 98% 6, < 1% isomer and 1% in the m ono saccharide range (G C ); [a] (12) Propane-1,3-diol (15 ml) is added to 6 (2.35 g, 4.7 mmol) and the stirred mixture is concentrated in vacuo (bath temp. max. 60 °C/10-3 torr). A colour less, almost solid boron-free residue is obtained which on treatm ent with ethanol (10 ml) and diethyl ether (2 x 10 ml) and concentrating in vacuo (12 torr 
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(1.98 g, 4.69 mmol) is dissolved in pyridine (20 ml), acetic anhydride (10 ml) is added and the mixture is stirred at room tem perature for 1 d. The volatile components are removed in vacuo (bath tem perature 60 °C/10~3 torr) to give a highly viscous residue, which after treatm ent with diethyl ether (2 x 10 ml) and removal in vacuum each time gave foam-like product (2.62 g, 95%) of 97% purity (GC) with 1.6% monosaccharide. 
